Assessing vitamin and mineral supplement use is important because supplement use per se is an exposure of interest for the risk of several chronic diseases and because supplements contribute a large proportion of total (diet plus supplement) micronutrient intake, another important exposure in epidemioiogic research. Unfortunately, little is known about methods for obtaining valid information about supplement use. The authors conducted a validation study in 1996 comparing supplement data collected in a telephone interview and from a self-administered questionnaire with data derived from a detailed, in-person interview and transcription of the labels of supplement bottles (i.e., a gold standard) among adult supplement users in Washington State (n = 104). Spearman correlation coefficients comparing average daily supplemental vitamin and mineral intake from the interview or questionnaire with the gold standard ranged from 0.76 (95% confidence interval 0.66-0.83) for vitamin C to 0.08 (95% confidence interval -0.14 to 0.29) for iron, with a mean of about 0.5. The principal sources of error were inaccurate assumptions about the micronutrient composition of multiple vitamins and respondent confusion regarding the distinction between multiple vitamins and single supplements. These results suggest that commonly used epidemioiogic methods of assessing supplement use may incorporate significant amounts of error in estimates of some nutrients. Am J Epidemiol 1998;148:643-9.
Assessing vitamin and mineral supplement use is important because supplement use per se is an exposure of interest for the risk of several chronic diseases and because supplements contribute a large proportion of total (diet plus supplement) micronutrient intake, another important exposure in epidemioiogic research. Unfortunately, little is known about methods for obtaining valid information about supplement use. The authors conducted a validation study in 1996 comparing supplement data collected in a telephone interview and from a self-administered questionnaire with data derived from a detailed, in-person interview and transcription of the labels of supplement bottles (i.e., a gold standard) among adult supplement users in Washington State (n = 104). Spearman correlation coefficients comparing average daily supplemental vitamin and mineral intake from the interview or questionnaire with the gold standard ranged from 0.76 (95% confidence interval 0.66-0.83) for vitamin C to 0.08 (95% confidence interval -0.14 to 0.29) for iron, with a mean of about 0.5. The principal sources of error were inaccurate assumptions about the micronutrient composition of multiple vitamins and respondent confusion regarding the distinction between multiple vitamins and single supplements. These results suggest that commonly used epidemioiogic methods of assessing supplement use may incorporate significant amounts of error in estimates of some nutrients. Am J Epidemiol 1998;148:643-9. epidemioiogic methods; nutrition assessment; questionnaires; vitamins Epidemioiogic studies play an important role in understanding the relation between dietary factors and chronic disease (1) . In particular, many observational studies have found inverse associations of micronutrient intake with disease, including antioxidants with cardiovascular disease (2, 3) and cancer (3, 4) , folate with cardiovascular disease (5) , and calcium with colon cancer (6) and osteoporosis (7) .
One of the biggest impediments to epidemioiogic research on diet and health has been the exceptionally difficult challenge of accurately assessing dietary intake (8) . For this reason, the reliability and validity of dietary assessment instruments have been intensively studied. However, to obtain a measure of total micronutrient intake, it is also necessary to collect data on supplement use so that micronutrients from supplements can be summed with those from foods (9) . Assessing micronutrient intake from supplements is important because of the high prevalence of their use (10) and the large amount of some nutrients in supplements compared with that which can be obtained from food (9) . There is also interest in assessing the effect of vitamin supplements per se on cancer risk (11, 12) , cardiovascular disease (13) , and other diseases (14) . Unfortunately, little is known about methods of obtaining valid information about supplement use.
Epidemioiogic studies typically use personal interviews or self-administered questionnaires to obtain information on 3-5 general classes of multiple vitamins and on single supplements, the dose of single supplements, and, sometimes, frequency and/or duration of use. These short and simple assessment methods were developed because collecting detailed data on supplement use presents many difficulties: More than 3,400 vitamin and mineral preparations are available to consumers (15) , and these formulations change over time. Even if respondents were able to recall or record the exact name, brand, and dosage of their supplements, we know of no readily accessible and well-maintained database for over-the-counter supplements like that available for foods (16) and prescription drugs (17) . Therefore, for large-scale studies, it is not practical to perform a supplement inventory as is recommended for prescription drugs (17) .
Block et al. (9) asserted that collection of vitamin supplement data need not be extensive to be useful. However, there has been no research on vitamin and mineral supplement assessment methodology, and therefore, little is known about the sources, types, and magnitude of errors that can occur when assessing micronutrient intake from supplements. The objective of this study is to investigate the accuracy of epidemiologic methods used to assess supplement use. Specifically, we compare supplement data collected in a telephone interview and from a self-administered questionnaire with data derived from transcribing the labels of supplement bottles (i.e., a gold standard). We address whether respondents can accurately report the type of supplement taken and the bias and precision of micronutrient estimates obtained from supplement use questionnaires. We also examine the impact of misclassification of micronutrient intake from supplements on misclassification of total micronutrient intake (from diet and supplements) because total intake is often the exposure of interest in studies of diet and disease.
MATERIALS AND METHODS

Subjects and recruitment
We recruited our study sample from participants in the 1995-1996 Washington State Cancer Risk Behavior Survey, a random-digit-dial survey of adults (aged 18 years or older) to monitor cancer risk behavior. The conservatively estimated effectiveness rate (completed interviews divided by known plus estimated eligible participants) was 63.5 percent (18) . Details of sample selection and methods have been published previously (19) .
Approximately 1-2 months after the completion of the Cancer Risk Behavior Survey, we contacted survey participants who indicated that they took vitamin or mineral supplements at least three times a week. Because the study protocol required a clinic visit, we restricted our sample to adults living in the Seattle metropolitan area (King County, Washington). We excluded anyone taking only herbal supplements and women taking prenatal vitamins. Of the 192 eligible supplement users, we recruited 104 (54.2 percent), we were unable to contact 24 (12.5 percent), and 64 (33.3 percent) refused to participate or did not complete the study. Participants were paid $25.00 as a reimbursement for their time and travel expenses.
Data collection
Study procedures. After we contacted participants and ascertained eligibility and willingness to participate, we administered a vitamin supplement questionnaire over the telephone and scheduled a clinic appointment. Immediately after the interview, we mailed participants a self-administered supplement questionnaire and a food frequency questionnaire (FFQ). At the clinic visit, we conducted an in-person interview in which we collected data on frequency and duration of current supplement use and photocopied the participants' supplement bottles.
Supplement use assessments. We assessed supplement use with an interview and a self-administered questionnaire because these are the most commonly used methods of obtaining self-reported data from participants (20) . The interview and the questionnaire collected the same data, but differed in administration (interview or self-administered) and format (open or close ended).
For the telephone interview, we asked questions on whether, over the previous year, they had taken multiple vitamins, such as One-a-Day (Miles, Inc., Elkhart, Indiana); stress multivitamin, B-complex, or antioxidant mixtures, such as Protegra (Lederle, Wayne, New Jersey); single vitamin supplements, such as vitamin A, C, E, or niacin; and single mineral supplements, such as calcium, iron, selenium, or zinc. When participants answered yes to a question, we ascertained the type(s) of multiple or single supplements) and the frequency (times per week) and duration (months or years) of use. We asked for the dose of single supplements, which was recorded exactly. Participants were instructed to respond from memory.
The self-administered supplement questionnaire was similar to that used in the National Cancer Institute/Block Health Habits Questionnaire (9) . The questionnaire asked about multiple vitamins, such as One-a-Day (Miles, Inc.); stress multivitamin, Bcomplex, or antioxidant mixtures, such as Protegra (Lederle); vitamin C, vitamin E, calcium, and zinc (capturing dose information); and vitamin A, vitamin D, folic acid, niacin, iron, and selenium (no dose information). For multiple vitamins and the commonly consumed single supplements (vitamin C, vitamin E, calcium, and zinc), we assessed frequency of use with a closed-ended response format: 1) one per week, 2) 2-6 per week, 3) one per day, and 4) two or more per day; and duration: less than 6 months or 6 months or more. We also used close-ended questions to assess the dose of vitamin C (250, 500, or 1,000 mg), vitamin E (250, 400, or 1,000 IU), calcium (150, 500, or 1,000 mg), and zinc (15, 50, or 100 mg). For the infrequently used, single supplements (vitamin A, vitamin D, folic acid, niacin, iron, and selenium), we asked participants only if they took them three times per week or more. Participants were instructed to look at their supplement bottles when completing this form.
Gold standard. During the in-person interview, we
Vitamin Supplement Assessment 645 photocopied the supplement bottle labels and used a scripted interview to assess frequency (times per week) and duration of supplement use over the previous year with probes for changes in routine (e.g., vacation and illness). After the interview, we classified the type of multiple vitamin taken and transcribed the nutrient data from the photocopies of the supplement bottles.
Micronutrient intake from supplements. For each of the three methods of assessing supplement use, we calculated average daily dose of micronutrients from supplements over the previous year by summing across multiple vitamins and single supplements after adjustment for frequency and duration of use over the previous year. We calculated these variables for the most frequently used single supplements (vitamin C, vitamin E, and calcium) and for a set of micronutrients of scientific interest (folic acid, iron, and selenium).
For the telephone interview and the questionnaire, we made the following assumptions about the formulations of the multiple vitamins: once-a-day type multivitamins without minerals contained 60 mg vitamin C, 30 IU vitamin E, and 400 pig folic acid; once-a-day type with minerals contained vitamin C, vitamin E, and folic acid as above plus 162 mg calcium, 18 mg iron, and 20 /i-g selenium; stress supplements contained 500 mg vitamin C, 30 IU vitamin E, and 400 /xg folic acid; B-complex contained 400 /ig folic acid; and antioxidant mixtures contained 250 mg vitamin C, 200 IU vitamin E, and 15 mg selenium. When the singlesupplement dose was unknown or missing, we used the following defaults: 500 mg vitamin C, 400 IU vitamin E , 400 yug folic acid, 500 mg calcium, 50 mg iron, and 50 /xg selenium. These assumptions were based on the composition of leading brands (21), characteristics of supplement products in the United States (15) , and informal surveys of vitamin supplements available at drug stores in King County, Washington.
For the closed-ended questions on the selfadministered questionnaire, we made the following assumptions about frequency and duration of use. We coded frequency of use as "4 pills per week" for participants who indicated that they took supplements 2-6 times per week. For duration, less than 6 months was coded as 3 months and more than 6 months was coded as 1 year. Finally, for the infrequently used supplements for which we ascertained only that participants took them three or more times per week (folic acid, iron, and selenium), we assumed that participants had taken them daily for the previous year.
FFQ. We assessed diet using an FFQ developed at the Fred Hutchinson Cancer Research Center (22) . In format, this FFQ is similar to the National Cancer Institute/Block FFQ (23) with 15 adjustment questions on types of foods and preparation techniques, 99 food items with questions on frequency of use and portion size, and two summary questions on the usual intake of fruits and vegetables. The nutrient database used to convert food frequency information into nutrients is from the University of Minnesota's Nutrition Coding Center database (16) .
Data analysis
We used the kappa statistic to assess agreement between the types of supplements taken as assessed by interview and self-administered questionnaire compared with the label transcription (gold standard). Data on micronutrient intake from supplements were highly skewed and nonnormal regardless of data transformation. Therefore, to examine the bias between the assessment methods, we present the percentage of the sample taking supplemental vitamins and minerals and the median intake among users by each method. We calculated Spearman correlation coefficients and their 95 percent confidence intervals (24) to assess the precision of micronutrient intakes from the interview and the self-administered questionnaire compared with the transcription. We calculated the correlation coefficients for both supplemental and total (diet plus supplements) vitamin and mineral intakes.
RESULTS
The mean age of our participants was 44 years (standard deviation, 13), 57 percent were female, and 91 percent were Caucasian (table 1). Our study sample was similar to the random sample of supplement users in King County that comprised our sampling frame and to Washington State residents (supplement users and nonusers), except for education distribution. The study sample was well educated, with over 50 percent of adults having 16 or more years of education compared with 45 percent of the King County supplement users and 30 percent of the Washington State residents.
Seventy-seven percent of participants took a oncea-day type multivitamin with or without minerals (the most common multiple vitamin). The most commonly used single supplements were vitamin C (52 percent), vitamin E (34 percent), and calcium (10 percent) (table 2). The agreement (kappa) between the interview and the label transcription for type of multiple vitamin ranged from 0.14 for other supplement mixtures to 0.92 for once-a-day multivitamins; single supplements ranged from 0.43 for calcium to 0.91 for vitamin E. Agreement was slightly lower for the selfadministered questionnaires and ranged from 0.46 for other supplement mixtures to 0.68 for once-a-day mul- tivitamins and from 0.36 for calcium in single supplements to 0.70 for vitamin E. There was no evidence of systematic bias in estimates of average supplemental vitamin or mineral intakes from either the interview or the selfadministered questionnaire (table 3) . Median micronutrient estimates from the interview and questionnaire were within ±10 percent of the label transcription for folic acid, iron, and selenium and were generally within 25 percent for vitamin C, vitamin E, and calcium. Correlation coefficients comparing vitamin and mineral intake from supplements assessed by the interview with label transcription ranged from 0.27 for iron to 0.75 for vitamin C, with a mean of 0.50 (table  4) . Correlation coefficients comparing the questionnaire and label transcription ranged from 0.08 for iron to 0.76 for vitamin C, with a mean of 0.50. Correlation coefficients for total micronutrient intake (from supplements and diet) were appreciably higher, with a mean of 0.77 for the interview and 0.71 for the questionnaire. Age, gender, and education had no statistically significant effect on these between method correlation coefficients (data not shown).
DISCUSSION
The accuracy of epidemiologic methods in assessment of micronutrient intakes varied from good (approximately 0.75 for vitamin C and E) to poor (about zero for iron). We know of no research on the validity of vitamin supplement assessment with which to compare our findings. In FFQ validation studies, betweenmethod correlation coefficients for these micronutrients from food have generally ranged from 0.4 to 0.6 and, including supplemental intakes, generally increased the correlation coefficients (23, (25) (26) (27) . The higher correlation coefficients may result from greater accuracy in estimates of supplement use than from food intake or may reflect increased variability in nutrients intake, which would increase the magnitude of the correlation coefficients.
One major limitation in assessment instruments is inaccuracy in assumptions regarding the micronutrient composition of multiple vitamins. For example, approximately half of the once-a-day multivitamins without minerals and half of the stress supplements contained iron, even though iron is not usually considered a constituent of these multiple vitamins. In addition, the amount of iron within the multiplevitamin classes varied considerably. Block et al. (9) recommended that questionnaires distinguish between once-a-day vitamins and therapeutic types because the former contain approximately 60 mg vitamin C, while the latter approximately 200 mg (9) . However, we did not find uniform formulations for high-dose multiple vitamins. About one third of the once-a-day multivitamins with minerals had nonstandard formulations with large or small amounts of vitamins and minerals. For example, vitamin C ranged from 30 to 1,000 mg, vitamin E from 30 to 400 IU, calcium from zero to 1,000 mg, iron from zero to 50 mg, and selenium from zero to 200 /xg, and these micronutrients did not covary in a consistent fashion. In addition, the labels on many once-a-day type multiple-vitamins (e.g., Centrum (Lederle)) indicate that they are "high-potency" or "therapeutic," while many of the high-dose formulations labeled themselves "daily" or "complete." It is unlikely that respondents could classify their multivitamins as once-a-day or therapeutic, and even if they could, there appears to be no accurate way to define the micronutrient composition of so-called therapeutic multiple vitamins.
The distinction between multiple vitamins and single supplements is critical for accurate assessment (9). However, this distinction was particularly problematic for calcium supplements. In this study, only 10 percent of the sample took single calcium supplements (or Turns; SmithKline Beecham, Philadelphia, Pennsylvania), while over 20 percent took calcium mixed with vitamin D, magnesium, and/or zinc. Therefore, a question about use of calcium in single supplements is ambiguous about whether calcium in mixtures should be recorded. This ambiguity is reflected in the low agreement between reported use of single calcium supplements versus actual use and in the low agree- • Median intakes among participants taking supplements) containing the nutrient ment between method correlation coefficients for calcium compared with vitamin C or E. Another potential source of error in assessing supplemental vitamin and mineral intakes derives from mistakes by respondents. However, we found that participants were fairly accurate in classifying their supplements as once-a-day multivitamins, stress/Bcomplex mixtures, and single supplements of vitamins C and E. There were instances in which participants incorrectly reported that they took single supplements (often reporting use of all of the single supplements), and we hypothesize that they were reporting on the micronutrients contained in their multiple vitamins. It is interesting to note that correlation coefficients for the telephone interview, where participants answered from memory, were not appreciably different than for the questionnaire completed in participants' homes, where they were instructed to review their supplement bottles. Therefore, we conclude that participants are able to recall from memory the type and dose of supplements that they take.
A limitation of this study is that results can be generalized only to people who are motivated to participate in a research study requiring completion of questionnaires and a clinic visit. Nevertheless, this was a population-based sample and may be quite representative of vitamin supplement users. A strength of the study is the quality of the reference data. Since we were able to observe directly the supplements taken by our participants, our gold standard was probably much closer to the truth than the reference measures typically used in dietary assessment validation studies (e.g., food records or dietary recalls).
The analyses presented here addressed how accurately epidemiologic methods of assessing supplement use rank supplement users along the distribution of micronutrient intake. The low correlation coefficients for calcium, iron, and selenium could seriously attenuate measures of associations in studies investigating the effects of supplement use on disease risk. Inclusion of participants who do not take supplements will increase between method correlation coefficients because the coefficients include the ability of the assessment instrument to distinguish between respondents who do and those who do not takes supplements, which generally would be high. Therefore, in study populations in which supplement use is low, the validity would be significantly greater than that presented here, which would primarily reflect the ability to classify users versus nonusers. We also found higher between-method correlation coefficients for total micronutrient intake (diet plus supplement) than for supplement intake alone. This was to be expected because the same measure of diet was used for each of the three supplement assessments. Nonetheless, these results suggest that in studies of total nutrient intake in which the majority of a micronutrient comes from foods as opposed to supplements (e.g., calcium), the assessment error will be reduced. Therefore, the degree to which exposure measurement error will attenuate measures of association depends on the assessment instrument, the nutrient being assessed, the research question (supplement use vs. total micronutrient intake), and the proportion of the study population that use supplements.
Supplement assessment instruments need to be more carefully designed to eliminate ambiguity and to help participants answer questions on multiple vitamins versus single supplements. However, it is difficult to design supplement assessment instruments without population-level data on supplement use. Information on the most commonly used brands of multiple vitamins would enable researchers to decide which multiple vitamins to ask about and to choose the most representative vitamin and mineral formulation (i.e., nutrient database) for supplements. In addition, population-level data on the percentage of micronutrients obtained from different types of supplements (e.g., percentage of total supplemental calcium obtained from calcium/magnesium mixtures) would allow investigators to design assessment instruments that capture accurate information on specific supplemental vitamins or minerals.
